The TaqMan real-time PCR assay was developed from the Blastomyces dermatitidis BAD1 gene promoter. The assay identified all haplotypes of B. dermatitidis and five of six positive paraffin-embedded tissues. The assay sensitivity threshold was 1 pg genomic DNA of the mold form and 2 CFU of the yeast form of B. dermatitidis. No cross-reactivity was observed against other fungal DNA. The assay allowed rapid (5-h) identification of B. dermatitidis from culture and from clinical specimens.
B
lastomyces dermatitidis is a dimorphic fungal pathogen that causes blastomycosis. The infection generally starts by inhalation of spores of the mold form of the fungus, found in the environment. Upon entry into the hosts, the spores convert to the yeast form. The infection can be self-limiting to the lungs, or it can disseminate to other body parts, mainly to bones and skin. Apart from humans, dogs are highly susceptible to B. dermatitidis infection. Blastomycosis is endemic in the midwestern and southeastern United States and around the Great Lakes (4) . Interestingly, blastomycosis has also been reported in humans and dogs in New York State (6, 8) , but the ecological niche of this fungus has yet to be established in this region. Similarly, blastomycosis has been reported from Colorado and Nebraska, which are all outside known zones where the infection is endemic (7, 13) .
The laboratory methods most frequently used to diagnose blastomycosis include serology, direct smear, and histopathology. However, the gold standard for diagnosis remains a positive culture. Traditional confirmation of a suspect culture of B. dermatitidis by conversion to the yeast form in the laboratory can take weeks, but identification can be confirmed on the same day by Gen-Probe (Gen-Probe, Inc., San Diego, CA). The Gen-Probe test can be used only with pure cultures of B. dermatitidis (yeast or mold); hence, it has limited application. To overcome these problems, several conventional PCR assays have been developed for the identification of B. dermatitidis from clinical specimens and soil samples (2, 5) . These assays used identical primer pair sequences targeting the putative promoter region of the BAD1 (earlier known as WI-1) gene, which codes for an important adhesin molecule and virulence factor (10) . Recently, it has been shown that the BAD1 promoter region has a number of nucleotide polymorphisms, which resulted in the identification of four haplotypes of B. dermatitidis (11, 12) . In addition to nucleotide polymorphism, a major size disparity due to two large insertions in the BAD1 promoter was also found in many B. dermatitidis strains (12) . This can complicate the conventional PCR assay due to either insufficient amplification efficiency or misinterpretation as a nonspecific product.
In this study, we describe the development of a TaqMan real-time PCR assay using a specific region of the BAD1 promoter to encompass all known haplotypes of B. dermatitidis. Our results indicate that the BAD1 real-time PCR assay is highly specific and rapid, with a turnaround time of approximately 5 h for the identification of B. dermatitidis from culture and from paraffin-embedded tissues.
A total of 24 strains of B. dermatitidis, 12 formalin-fixed paraf-fin-embedded (FFPE) tissues, and DNA from 31 other fungal species and 5 bacterial species were part of this investigation. Blastomyces dermatitidis cultures were grown in yeast extract peptone dextrose agar (YPD) for 5 to 7 days at 30°C. Two of the B. dermatitidis strains (M799 and M808) were also converted to the yeast form on cottonseed agar at 37°C. The paraffin-embedded tissues were from different patients and were processed in the years 2002 to 2008. The tissue types included lung, lymph node, testicle, skin, skull tumor, heart, and kidney. Extraction of the mold form B. dermatitidis DNA was carried out in the biological safety cabinet (BSC) in the biological safety level III (BSL III) laboratory, while extraction of the yeast form B. dermatitidis DNA was carried out in the BSC in the BSL II laboratory. Mold form DNA extraction was done using the chloroformphenol extraction method as described previously (3) . Briefly, 0.5 cm mycelial mat was added to 500 l of lysis buffer (10 mM TrisHCl, pH 7.5, 1% SDS, 100 mM EDTA, 2% Triton X-100, and 100 mM NaCl) and 0.2 g of acid-washed glass beads (425 to 600 m; Sigma). Samples were incubated at 70°C for 1 h and then vortexed for 30 min. Supernatants were extracted with phenol-chloroformisoamyl alcohol (24:24:1) followed by an extraction with chloroform. The DNA from the aqueous phase was precipitated with 100% ethanol, washed with 70% ethanol, air dried, and finally resuspended in 10 mM Tris, pH 8.0. Extraction of yeast form DNA was carried out by using the MasterPure DNA/RNA extraction kit (Epicenter, Madison, WI) with a slight modification. Serially diluted yeast form cultures of B. dermatitidis were first incubated in lysis buffer containing approximately 0.2 g of glass beads for 1 h at 70°C, followed by disruption in the cell disrupter for 30 min. DNA yield and purity were determined by spectrophotometer. The yeast suspensions were also plated on YPD agar in duplicate and incubated at 30°C for 5 to 7 days to determine the CFU counts. DNA extractions from 12 paraffin-fixed tissues were carried out using both Epicenter and QIAamp DNA FFPE tissue (Qiagen, Valencia, CA) kits per the manufacturers' instructions, with minor modifications. In brief, tissues were trimmed of paraffin excess and cut into approximately 3-m-thick sections with a sterile blade; four or five sections from each tissue were first treated with xylene; after tissue lysis, glass beads were added; and the mixture was disrupted in a cell disrupter for 30 min, followed by DNA extraction using reagents provided in the kit.
DNA from fungal species was extracted using the method de- Primers for conventional PCR V1642 (forward) 5=-AAGTGG CTGGGTAGTTATACGCTAC-3= and V1643 (reverse) 5=-TAGG TTGCTGATTCCATAAGTCAGG-3= were designed from the BAD1 gene promoter as described previously (5) . Primers and probe for the real-time PCR assay were designed from the promoter region of the BAD1 gene using Primer Express software, version 3.0 (Applied Biosystems, Foster City, CA). The choice of BAD1 promoter was based upon an earlier finding that this region is unique to B. dermatitidis by conventional PCR (5). In order to encompass all of the known haplotypes of B. dermatitidis (9) , two forward and two reverse primers were designed (see Fig. 2 ). Oligonucleotide sequences of the primers and probe are as follows: V1741 (forward), 5=-TGTGCTGCTGCACCTTGATT-3=; V1983 (forward) 5=-CTGTACCTTGTACCTTGATT-3=; V1742 (reverse), 5=-CAACTTGGATAATGCGTGAATACAATA-3=; V1984 (reverse), 5=CAACTTGGATAATGCGTGAATAACATA-3=; and probe V1743, 5=-/56JOEN/ATTCAAGACAACAGAGCCCAG GCG AAAT-black hole quencher 1-3=. The conventional PCR was set up using conditions previously described (5). For real-time PCR, each reaction mixture contained 1ϫ LightCycler Fast Start DNA master hybridization probe mix (Roche Applied Science, Indianapolis, IN), 4 mM MgCl 2 , a 1 M concentration of each primer, a 0.25 M concentration of probe, and 2 l of genomic DNA from the mold or the yeast form or 5 l of tissue DNA in a final volume of 20 l. Parallel to each PCR assay, inhibitory PCR was also performed by incorporating 1 ng of B. dermatitidis DNA into each tissue DNA sample. The PCR cycling conditions were 10 min at 95°C followed by 15 s at 95°C and 60 s at 60°C for 40 cycles. Each sample was tested in duplicate, and the results were averaged to obtain the cycle threshold (C t )-i.e., the point at which sample fluorescence rises above the background level. A C t value of Ͼ40 was considered negative, while a C t value of Ͻ40 was considered positive. Each sample run also utilized a non-DNA template control. The PCR and data analyses were performed on an IQ5 real-time PCR detection system (BioRad, Hercules, CA).
The conventional PCR produced markedly different BAD1 amplicon sizes of 363 and 663 bp when genomic DNA (gDNA) of different B. dermatitidis strains was used (Fig. 1) . These results were not totally unexpected, as it has been reported previously that there is a significant size and sequence variation in the BAD1 gene amplicon. The differences are the basis of four haplotypes of B. dermatitidis (12) . The sequence analysis of the BAD1 gene through a BLAST search revealed that the 24 strains of B. dermatitidis used in the present study belonged to all known H1 to H4 haplotypes (Table 1) . Multiple alignments of the BAD1 gene revealed a region with the least nucleotide variations, which were used for the design of primers and probe in the present study (Fig.  2) . Initial standardizations were done with strain M808, which represented the H1 to H3 haplotypes and strain M799, which represented the H4 haplotype. The results from 10-fold serial dilution of gDNA of the mold form of M808 and M799 revealed linearity over four logs, with a correlation coefficient of 0.99 and an amplification efficiency of Ͼ98%. The limit of detection (LOD) was 1 pg gDNA per PCR, which was within the linear range of the standard curve for both strains of B. dermatitidis (Fig. 3A) . Similarly, the assay was linear over several logs when the yeast form of the culture was used. The assay could detect the DNA equivalent of 2 yeast cells per PCR for both strains M808 and M799 (Fig. 3B) . These results indicated that the real-time PCR assay targeting the BAD1 gene is highly sensitive for the identification of both the mold and the yeast forms of B. dermatitidis. To further establish the reproducibility of the assay, approximately 1 to 10 ng of gDNA extracted from 22 additional strains encompassing all four haplotypes of B. dermatitidis was tested in a real-time PCR assay ( Table  1) . The results produced cycle threshold (C t ) values of Ͻ30, thereby confirming that the real-time PCR assay can identify all the B. dermatitidis strains irrespective of their haplotypes. Previous DNA-based identification studies suggested some evidence of genetic diversity among B. dermatitidis strains (11, 14) . Recently, PCR and sequence analyses of the putative promoter region of the gression analysis was carried out for the BAD1 target in a B. dermatitidis realtime PCR assay using GraphPad Prism software (La Jolla, CA). C t values were calculated from duplicate wells and were plotted against serial 10-fold dilutions of gDNA (1 to 10,000 pg) from the mold form of the culture (A), and 10-fold serial dilutions of gDNA corresponding to 2 to 20,000 CFU from the yeast form of the culture (B). The slope (s), correlation coefficient (R 2 ), and amplification efficiency (E) are shown. The choice of B. dermatitidis strains M808 and M799 is based upon their significant difference in BAD1 size and nucleotide composition.
BAD1 gene, a surface adhesion and essential virulence factor of B. dermatitidis, revealed polymorphisms, which led to the identification of four haplotypes of this fungal pathogen (12) . Thus, it is possible that genetic diversity in B. dermatitidis could influence disease presentation and progression, response to antifungal therapy, and efficacy of laboratory diagnostic tests. In this context, the present investigation, where real-time PCR assay is able to identify all known haplotypes of B. dermatitidis, is crucial.
B. dermatitidis real-time PCR assay specificity was analyzed with various fungal and bacterial DNAs. The absence of any signal indicated that this assay was 100% specific for the detection of B. dermatitidis from other cultured fungal or bacterial isolates.
To demonstrate the further utility of the B. dermatitidis realtime PCR assay, we used 12 paraffin-embedded tissue samples, including 6 positive and 6 negative for B. dermatitidis or any other fungal organisms by histopathology. Only three of the six positive tissue samples (50%) tested positive for the BAD1 target when DNA was extracted using the QIAamp DNA FFPE kit, whereas five of the six positive tissue samples (83%) tested positive when DNA was extracted using the MasterPure (Epicenter, Madison, WI) DNA extraction kit ( Table 2 ). The DNA extracted with QIAamp revealed the presence of inhibitors, which inhibited PCR from 15 to 100%, while no inhibitors were seen in DNA extracted with the MasterPure kit. We speculate either that the column provided in the QIAamp kit is inefficient in removal of inhibitors present in the tissues or that some of the reagents used during column washing steps are trapped in the column and possibly eluted with DNA. Overall, our results indicated that the MasterPure kit is superior to the QIAamp kit for detection of the BAD1 target by real-time PCR assay. Paraffin-embedded tissue has historically been viewed as an insensitive source for PCR assay (9). This was not the case in the present study, as the real-time PCR assay could detect the BAD1 target from five of the six tissues. These results are noteworthy considering that only a few yeast cells are seen in all but one tissue sample by histopathology (details not shown). Also, tissue age did not seem to be a limiting factor, as even a tissue sample as old as 8 years was positive for B. dermatitidis by real-time PCR assay. Interestingly, one histopathologypositive tissue sample tested negative by real-time PCR. This sample came from skull tumor tissue, which is not unusual, as B. dermatitidis is known to disseminate to skin and bones. Perhaps the bone sample was not adequately extracted for DNA to be positive by real-time PCR assay. Overall, our results clearly indicated that the real-time PCR assay is highly sensitive for the identification of B. dermatitidis from paraffin-embedded tissue samples.
Furthermore, the assay appears to be highly specific, as none of the negative tissue samples yielded positive results.
In summary, the TaqMan real-time PCR assay targeting the BAD1 gene is highly sensitive and specific for the identification of B. dermatitidis in culture and in clinical specimens. As considerable genetic diversity is observed among B. dermatitidis strains, the real-time PCR assay is a valuable diagnostic tool for correct identification of all known haplotypes of B. dermatitidis. Moreover, DNA extraction to final analysis can be completed in 5 h, which makes this a rapid assay, with a turnaround time of less than 1 day. Recently, Babady et al. (1) described a real-time PCR assay utilizing a hybridization probe targeting the histidine kinase gene of B. dermatitidis. The distinguishing features of our assay include the use of a hydrolysis probe, higher sensitivity, with a LOD of two yeast cells, inclusion of all known haplotypes of B. dermatitidis, and a high degree of success with formalin-fixed tissue samples. In summary, the availability of these two real-time PCR assays is likely to advance rapid identification of B. dermatitidis in clinical laboratories. 
